Interred with Their DNA
We, as humans, have long been fascinated by our history both as individuals and as a species, and questions of personal ancestry are increasingly becoming answerable by the popularization of genetic testing services such as those offered by Ancestry.com and 23andMe. Beyond our individual provenance, however, is the question of the history of humankind, and the relatively recent explosion in the field of ancient DNA research is rising to this challenge. The insights into early human history that can be gleaned from sequencing and careful analysis of ancient genomes are myriad, and 2018 has been rife with exciting discoveries that are illuminating our origin story.
The movements of our ancestors over large swaths of time and distance has long been under archaeological inquiry, and a plethora of recent papers are complementing, and occasionally contradicting, knowledge of past human migratory dynamics. Until recently, much of this work was focused on the movement of our ancestors out of Africa and the peopling of Eurasia (reviewed in Nielsen et al., 2017) ; however, with the increasing availability of ancient DNA samples, paleogeneticists are now revealing more detailed movements around the globe. Genome-wide data from 18 ancient individuals in Southeast Asia, for example, suggest that the introduction of farming to the region occurred via migration of a population from southern China, whose ancestry was admixed with hunter-gatherers prior to their movement (Lipson et al., 2018) . An independent study of 26 ancient whole genomes further supports the expansion of migrants from East Asia to Southeast Asia 4,000 years ago during the cultural transition to farming (McColl et al., 2018) . Both papers highlight the impact of the spread of agriculture on the genetic architecture of Southeast Asian populations while noting that complete turnover of the local populations did not occur and that the extent of its impact varies substantially by region.
The origins of ancient populations in North America and their subsequent migratory dynamics have been similarly unclear, and two papers published this year address this problem. Although it is generally accepted that the initial peopling of the Americas occurred via the Beringian land bridge, the genetic identity of these earliest founders was uncertain. Eske Willerslev's group showed that an Alaskan infant dated to 11,400 years ago was from a population that separated from the ancestors of present-day Native Americans before they separated from each other and is no longer represented in populations living today; they also leveraged the sample to make more precise estimates of the splits leading to Native American populations . Insight into later events contributing to the peopling of the Americas based on a catalog of 91 ancient genomes from present-day California and Ontario suggests that two distinct ancestries were present in ancient North America, followed by one or more admixture events occurring either pre-or post-migration of these groups southward (Scheib et al., 2018) . These insights into the origins of Native American populations will only grow with further ancient sample availability across the Americas, where paleogenomics is still in its infancy.
The study of ancient genomes is not only useful for tracking the origins and movements of populations, but also yields insight into the spread of cultural practices throughout distant regions. A fascinating example of this application was recently published in Nature, in which David Reich's group characterized the spread of the ''Bell Beaker complex'' characterized by a specific collection of grave pottery artifacts, which expanded throughout much of Europe and northwest Africa to Britain and Ireland (Olalde et al., 2018) . Using genome sequences from 400 ancient Europeans, they were able to demonstrate that the mode of dissemination of this cultural phenomenon depended on geographic region, with human migration playing a strong role in some parts of Europe, including Britain, while cultural transmission independent of migration facilitated its spread from Iberia across Continental Europe. Similarly, the origin of a quite familiar cultural practice, horse domestication, was illuminated with the help of 74 ancient human genomes (de Barros Damgaard et al., 2018) and 14 ancient horse genomes (Librado et al., 2017) spanning Inner Asia and Anatolia. Together, analysis of the human and horse genomic data showed that horse domestication occurred twice in Central Asia, spreading first spread through ideas and only later through movement of people and animals.
Finally, by stepping even further back, the movements and interactions of now-extinct archaic hominin groups who have left imprints on modern human genomes can be Image from iStock/messenjah Cell 175, October 4, 2018 ª 2018 Published by Elsevier Inc. 299 determined. A recent paper from Svante Pä ä bo's lab shines light on the potentially widespread interactions between these groups (Slon et al., 2018) . Their discovery of an individual with a Neanderthal mother and a Denisovan father, the latter of whom also carried some Neanderthal ancestry himself, is a testament to the frequency with which distinct hominin groups likely interacted and interbred. Indeed, earlier this year, Sharon Browning and colleagues determined that at least two waves of Denisovan admixture with modern humans occurred (Browning et al., 2018) . Although spatial constraints were certainly a factor in these exchanges, it seems increasingly likely that interactions, including those leading to offspring, between ancient and modern hominin groups were not uncommon. In the modern world riddled with categorization and separation, it is heartening to imagine our ancestors as less discriminatory peoples.
The questions that remain to be answered by paleogenomics are numerous, and the impressive advances being made in this field are a testament to the power of both technical advances and progress in cooperation between disciplines. Indeed, in our current era of genome sequencing innovation, it is tempting to speculate that progress is limited only by the pace with which archaeologists discover and disinter ancient samples, particularly from underrepresented regions. The capacity to procure material with high-quality DNA is unfortunately biased geographically due to the poor preservation conditions of certain climates. However, with advances in sequencing technology for degraded samples, as well as improved cooperation and connection with local communities and social scientists, the possibilities are enormous. Indeed, the study of ancient genomes, while clearly making huge contributions to our historical knowledge, is also key to the basic understanding of our modern genomes, and insights from our ancestors will help in the endeavor to illuminate phenotypic and disease genetics.
As paleogenomics expands, it is crucial to consider the key role of collaboration with, and respect for, members of the other communities invested in such research. The acquisition of samples requires coordination and mutual understanding on the part of geneticists and archaeologists, and both must be sensitive to governmental and local officials under whose purview these artifacts reside. Particularly in the study of regional populations or indigenous communities, it is imperative not only to seek permission but also to share outcomes with the populations under inquiry. In all, ancient DNA as a field must balance its findings with accepted historical and sociological contexts as well as local beliefs in order to illuminate the human past and engage the imagination of the public in a respectful and productive way.
Illuminating history through the study of DNA is a triumph not only for individual researchers, but also for science as a whole, given its power to engage the fascination of the general public with their own origins. Through paleogenomics, the value of scientific discovery is magnified through the lens of our own self-reflection.
